Background: We conducted this study to identify factors associated with the onset and reversibility of chemotherapy-induced amenorrhea in Yalgado Ouédraogo Teaching Hospital of Ouagadougou. Methods: A historical cohort study was performed and covered the period from 1 January 2014 to 31 July 2015. No menopausal patients managed for a histologically confirmed breast carcinoma and having benefited from chemotherapy were included in the study. Logistic regression analysis was used to determine the factors associated with the occurrence of chemotherapyinduced amenorrhea as well as its reversibility. Results: Seventy patients were included. The mean age was 38.5 years. Thirteen patients were obese and 19 (40.4%) had their menarche after age of 15 years. Adjuvant chemotherapy was administered to 31 patients while 12 had received neoadjuvant chemotherapy. Sequential chemotherapy with an anthracycline and a taxanetherapeutic protocol was the most used. Forty-seven patients had a chemotherapy-induced amenorrhea. The risk of having a chemotherapy-induced amenorrhea increases by 25% for each additional year of age at diagnosis of cancer (p = 0.0001). Obesity and menarche after age 15 were found to be protective factors. After adjusting these variables together, age, obesity, and age at menarche were factors independently associated with the occurrence of the chemotherapy-induced amenorrhea. The reversibility was effective in 11 cases (37.9%) and especially concerned patients younger than 40 years (p = 0.03). Conclusion: Age is the primary risk factor. Reliable markers of ovarian function need to be developed to better select fertility conservation protocols.
Introduction
Breast cancer is the leading cancer in women worldwide. Almost a third (32.7%) of patients affected by this disease are under 50 years [1] , so probably no menopausal. Chemotherapy which is one of the main therapeutic means is a source of gonadal toxicity and may be associated with a significant risk of transient or permanent alteration of the ovarian function [2] . The loss of fertility, which is a consequence of ovarian function suppression, often concerns patients of childbearing age with breast cancer [3] . Many studies have focused on chemotherapy-induced amenorrhea to assess the determinant factors. The main risk factors are age, chemotherapy protocols and cumulative doses [4] [5] . Other factors such as anthropometric parameters (weight, height), and lifestyle (smoking) were incriminated [6] . The risk of loss of fertility in women treated for breast cancer is important because of the direct effect of cytotoxic drugs on ovarian function and pregnancy proscriptions imposed by the long duration of treatment [7] . These patients expressed the need for information on fertility preservation strategies and their chances of subsequent procreation. We conducted this study to identify factors associated with the onset and reversibility of chemotherapy-induced amenorrhea in our context, to help improve the quality of life of patients by providing answers to the questions related to chemotherapy-induced amenorrhea.
Patients and Methods
The study took place in the departments of General and Digestive Surgery and Obstetrics and Gynecology of the Yalgado Ouédraogo Teaching Hospital in Ouagadougou. It was a historical cohort study of patients followed between 1 January 2014 and 31 July 2015 for a histologically confirmed breast carcinoma. We included non-menopausal women who received at least 4 cycles of chemotherapy according to either of the following procedures: adjuvant, neoadjuvant or "perioperative". We have designated "perioperative" the strategy of administering 3 cycles of chemotherapy before surgery and followed by 3 more cycles after. Patients who had amenorrhea prior to onset of chemotherapy, patients who did not receive the expected number of cycles, and patients who did not consent to participate in the study were not included.
The chemotherapy regimens used were as follows: 4 or 6 FAC (5-fluorouracil 600 mg/m The variable of interest was secondary amenorrhea, which was defined as any cessation of menses for at least three months after the beginning of chemotherapy in a woman with normal menses previously [8] after ruling out a pregnancy. The characteristics of patients and disease were analyzed by the mean, median and proportion according to cases. The logistic regression analysis was used to identify factors associated with the occurrence of chemotherapy-induced amenorrhea and that of its reversibility. In the model, potential factors associated with chemotherapy-induced amenorrhea were tested in univariate then multivariate analysis using a regressive "manual"
procedure. For categorical variables, the groups were compared using a Chi-square's test. Different associations have been described by Odd ratios, confidence intervals, as well as their degree of significance p. A significance level of 0.05 was used for all analyzes.
Results

Patient Characteristics
In all 66 patients were included. The mean age was 38.5 years (SD: 7.1 years) with extremes of 23 and 50 years. Forty-seven (71.2%) of the patients had presented amenorrhea during their chemotherapy. The mean age of these patients was 41 years (SD: 6 years) and the age group 41 to 45 years was the most represented. Thirty-eight patients (80.9%)
had an ECOG performans status of 1 and 13 were obese (Table 1) . Nineteen (40.4%)
had their menarche after age 15 years. Twelve patients were using hormonal contraception before diagnosis of their cancer: 5 took combined oral contraceptives, 5 had an injectable contraception, and two had implants. None of them has continued this contraception during the chemotherapy. Data on the disease and chemotherapy are summarized in Table 2 . The invasive ductal carcinoma was the histological type found in all patients. Tumor Scarff Bloom Richardson histological grade 2 (SBR 2) was predominant. 
Data on Amenorrhea
The amenorrhea has occurred after the first treatment cycle in 19 patients (40.4%), after the second in 12 patients (25.5%), after the third in 11 patients (23.4%), after fourth in 4 patients and after the sixth treatment in a patient. Table 3 and Table 4 
Discussion
The small sample size resulted in weak statistical power of the tests performed and the deterioration of approximations. Many patients were not included because they have not received the required number of cycle due to the lack of financial resources. In addition, the representativeness of our sample is limited by the non-inclusion of patients who have not received chemotherapy because of lack of financial resources and the significant proportion of some missing data on outcome of amenorrhea. Bias related to the retrospective collection of certain data in patients who had already completed their courses of chemotherapy should also be considered. Finally, amenorrhea taken as a parameter of interest in this study is not a reliable reflection of ovarian function suppression, by the way the loss of fertility [9] , however it remains the most commonly studied and most worrying complaint for patients wishing to conceive after treatment of their cancer. The definition of chemotherapy-induced amenorrhea varies depending on the study, constituting a limit to the comparison with different studies [10] . Indeed, some authors define the chemotherapy-induced amenorrhea in referring to the end of chemotherapy, while others consider a certain delay from the start of the chemotherapy [4] . We have retained the three-month period by referring to the definition of secondary amenorrhea, which is the absence of menses for more than three months in a woman who has normal menses previously [8] . The variability of the incidence's data reflects the heterogeneity of definitions, characteristics of the populations studied and treatment protocols. Thus, the incidence of chemotherapy-induced amenorrhea varies between 20% to 61% in patients under 40 years and 61% to 97% in patients over 40 years [10] . Age is unanimously the main risk factor. Most studies have
shown that women over 40 years were more likely to present a chemotherapy-induced amenorrhea than women under 40 years regardless of the type of treatment received [4] [11] [12] . This difference in risk was found in our study. In addition, it appears that the risk of developing chemotherapy-induced amenorrhea increases by 25% for each additional year of age at diagnosis of cancer (p < 0.01). Petrek made a similar observation [13] . Obesity was a protective factor for the occurrence of the chemotherapy-induced amenorrhea. This could be explained by the under dosage of medication in relation to the body surface. Indeed, because of the narrow therapeutic index of cytotoxic drugs and the fear of an overdose, the adjustment to the body surface is often put at a ceiling of 2 m². The blood concentration of the drug would be insufficient to induce a chemotherapy-induced amenorrhea. The pharmacokinetics of drugs changes in obese subjects could be another reason for the low incidence of the chemotherapy-induced amenorrhea in obese people. The relationship between body mass index and the chemotherapyinduced amenorrhea has been little studied. Authors who were interested in this parameter found no association [6] [10] . The impact of the chemotherapy-induced amenorrhea also varies depending on the chemotherapy regimen. The most studied associations in recent years are the alkylating based protocols made up of anthracylines and taxanes. Sequential regimens were also compared to non-sequential patterns. These different treatments are variously associated with the chemotherapy-induced amenorrhea. Interpretation of the results of the literature is made difficult by the heterogeneity of methodologies and study populations. Alkylating drugs however, have been described as the most gonadotoxic agents due to their independent mechanism of action on the phases of the cell cycle [5] . In our study, all the chemotherapies were administered every 21 days. The administered taxane was Docetaxel. The weekly Paclitaxel was not prescribed because of high cost and unavailability of this drug. We found no association between the type of chemotherapy and the chemotherapy-induced amenorrhea. Cyclophosphamide, which is the most used alkylating drug in breast cancer treatment, was administered to all patients in our series. Unfortunately, we do not have a control group to describe the degree of risk attributable to the drug. Twelve patients were using hormonal contraceptives before diagnosis of their cancer. Four patients were still under hormonal contraception at diagnosis. These contraceptives have been stopped after diagnosis. A non-hormonal contraceptive method has been proposed to patients who wanted to continue contraception.
Gonadal toxicity of chemotherapy is achieved by a decrease of follicular reserve in premenopausal patients. The reduction of the ovarian reserve will result in a decrease in fertility manifested as amenorrhea which is a poor indicator [14] . This amenorrhea may be transient or permanent, leading to early menopause. We speak of chemotherapyinduced early menopause after a period of 12 months of amenorrhea [10] , although it is recognized that the return of menses can sometimes be beyond that period. In the NSABP B-30 trial, resumption of menses occurred within 24 months in 45.3% of patients aged under 40, 10.9% of those aged 40 -50 and in 3.2% of patients aged over 50 [15] . In our study, the chemotherapy-induced amenorrhea was transient in about 38% of cases after 4 to 8 months of amenorrhea. The reversibility of amenorrhea was mainly observed in patients under 40 years. However, the follow up period was not enough for assessing its reversibility. A reproductive desire was expressed by 25.5% of patients who presented a chemotherapy-induced amenorrhea. This reflects the challenge of preserving fertility in these young patients. Two main avenues are being explored, either the protection of ovarian function or the medically assisted reproduction [14] . The protecttion of ovarian function requires the choice of the least gonadotoxic treatment protocol for equivalent effectiveness and the selection of patients who would derive a real benefit from these treatments. The GnRH agonists administered during chemotherapy, have a protective effect of ovarian reserve through a quiescence of the ovaries [14] . Data from the literature does not agree on this rational. Ovarian, oocyte and embryo cryopreservation techniques are still experimented. In our study context characterized by delayed diagnosis, lack of technical setting and precariousness conditions, the challenges associated with poor prognosis in breast cancer outweigh the preservation of patient's fertility. An interval of 2 to 3 years after treatment is recommended for conception [16] ; patients who achieve the recommended timeline without recurrence are rare in Ouagadougou.
Conclusion
The chemotherapy-induced amenorrhea is a frequent complaint in young women treated for cancer. Age is the primary risk factor. The risk attributed to obesity may be related to variations pharmacokinetics. The return of menses, also related to age, is not synonymous with fertility. Reliable markers of ovarian function need to be developed to better select fertility conservation protocols.
